Abstract. The shortage of water resources has been a major problem in the Loess Plateau. Under the situation of a steady increase in population, cultivated land gradation and rapid development of regional economy, how to achieve food security has been becoming an important issue in this region. Thus, a typical case study of Changwu County in Shaanxi Province was conducted. With the help of grey correlation analysis method, it concluded that the water resource is the leading factor in limiting the local food safety. Furthermore, the water consumption and water demand at various sectors are compared and analyzed. Then, the crop-water production function was introduced to optimize the irrigation water allocation. The paper finally discussed the development strategy on water resources utilization and food security, which would provide a scientific basis for the water resources exploitation and be a guarantee for the food security in Changwu County.
Introduction
Lester R. Brown, Head of the World Watch Institute, pointed out that "The sharp shrinkage of China's agricultural water supply constitutes an increasing threat to the world's food security" in his paper entitled China's Water Shortage Could Shake World Food Security [1] . Loess Plateau is an important birthplace of the Chinese agricultural civilization and the world's major agricultural area, with the most concentrated population, resource and environmental contradictions, the highest difficulty in governance and the largest number of impoverished population. As the cultivated land occupies 12.2% nationwide, whereas the water resources occupy merely 2.2%, how to achieve the food security in the area is correlated with the security issue of the whole country and even the world. In response, many scholars have conducted in-depth and intensive studies on the production efficiency of water resource [2] and the restrictions on natural, social and economic factors and other comprehensive factors on the food production [3] in terms of ecological rationality of water resources [4] , threshold of crop water demand and optimal allocation of irrigation water quota. However, previous studies are comprehensive ones for optimal allocation with a lack of analysis and determination of factors restricting grain production. In this case study, Changwu County, Shaanxi Province, is taken for example.
Overview of Study Area
Changwu County, which is located in the hilly-gully area of Loess Plateau in the northwest of Shaanxi Province, is a national pilot cultivated land preservation and modern sustainable and efficient agriculture county, with a total cultivated area of 11520 hm 2 , irrigated area of 5070 hm 2 and population density of 312 persons/km 2 .
Study Method

Grey Correlation Analysis
Grey Correlation Analysis a method for analyzing the correlation degree among factors in the system. It has been widely applied in practice [5] . The calculation formulas are shown in formulas (1) and (2) .
(2) In the formulas, ε i (k) is the correlation coefficient; (k) and X i (k) respectively represent reference sequence and comparative sequence, namely the time sequence and the grain production and the time sequence of its corresponding impacting factor; γ i is the correlation degree; ρ is the resolution coefficient, and valuated between 0 and 1, usually 0.5; n is the time sequence length.
Quota Method
The quota method defines the water demand of the object by multiplying the area of the regional study object with the water demand quota [6] .
(3) In formulas (3), W is the total water demand (m 3 ), A i is the area of the study object i (m 2 ); r i is the water demand quota of the study object I (m 3 /m 2 ).
Crop Water Demand Method
The calculation formula is shown as follows:
In the formula, ET-evapotranspiration, EP-effective precipitation, refers to the part of precipitation that is reserved in leaves or infiltrated in soil to reduce the equal amounts of soil and water lost, and is obtained by multiplying the homochronous precipitation (P) with converted coefficient (); the  value is usually correlated with precipitation characteristics (such as rain intensity and duration) and crop growth. EI-effective irrigation amount; I-actual irrigation amount; δ-irrigation water utilization coefficient. [7] .
Optimal Allocation of Irrigation Water
The specific calculation procedures and methods are as follows [8] :
(1) Determination of optimized irrigated area at the maximum total production Based on a given higher or appropriate nutrient supply and optimized irrigation system, the maximum production corresponding to each irrigation quota M (including when M = 0) is used to build the ideal or mostly ideal water production function Y=Y (M). The specific formula is shown as follows:
(5) Its general manifestation is a quadratic parabola, namely Y = a + bM + cM 2 . In the formula, Y is the ideal or mostly ideal production per unit cultivated area after the optimization of irrigation quota in the study area; M i the study area irrigation quota (mm) of the study area. In formula (5), when M=0, Y refers to the production per unit area without irrigation condition, namely the production per unit area in non-irrigated land, Y 2 = 6.273×10 -3 t·hm 2 ; when M≠0, Y refers to the grain production per unit area in irrigated land (Y 1 ). Therefore, the total grain production in the study area can be manifested in formula (6) :
In the formula, Y a is the total grain production in the study area (t); A is the actual irrigated area (hm 2 ); A 0 is the total cultivated area of the irrigated area (hm 2 ); Y 1 and Y 2 are productions per unit area of the irrigated land and the non-irrigated land (t·hm -2 ). Under optimized irrigation quota conditions, the optimized irrigated area at the maximum total production of the whole irrigated area (A′) can be determined through formula (6) . When Y a 's derivative with respect to A = 0, the formula is shown as follows:
A′=dY/dA=0.
(7) Through the calculation, the solution satisfying the above formula will be that A tends to infinity. Therefore, when A' = A 0 , the whole irrigated area has the largest production.
(2) Determination of irrigation quota at the maximum total production When dY/ dM = 0 in formula (5), the solution is as follows: (8), b is 13.8, and c is -0.0263. M f is the irrigation quota at the maximum production per unit area in the whole irrigated area under the condition of sufficient water resources and irrigation (mm). In the sub-humid area with limited water resources, the irrigation quota at the maximum production per unit area in the whole irrigated area (M 1 ) is inevitably lower than M f calculated in formula (8) . According to the characteristic curve of the water production function and the above analysis on the optimized irrigated area, the optimal irrigation strategy under the condition of limited water resources is determined to be the equal irrigation implemented in the whole irrigated area. That is to say, M l at the maximum total production in the whole irrigated area (M l ) is calculated in formula (9). M l = ηW 0 / A′.
(9) In the formula, M l is the irrigation quota at the maximum total production in the whole irrigated area; W 0 is the farmland irrigation water amount (10,000 m 3 ); η is the irrigation water utilization coefficient; A′ is the optimized irrigated area (hm 2 ). (3) The maximum production for optimized irrigation quota The maximum production for the optimized irrigation quota is based on the optimized irrigated area (A′) and the irrigation quota (M l ). The formula (8) is substituted into the formula (5), and then the result and formula (7) are jointly substituted into the formula (6) to obtain formula (10):
(10) In the formula, Y′ is the maximum production for the optimized irrigation quota; because A′= A 0 , the equal irrigation is implemented in the whole cultivated land.
Results and Analysis
Grey Correlation Analysis on Grain Production and Major Input Factors of Changwu County
Through the qualitative judgment factors impacting the grain production, dominating factors are selected as follows: X 1 (k)-pure fertilizer application amount (t), X 2 (k)-agricultural plastic film consumption (kg), X 3 (k)-agricultural diesel consumption (t), X 4 (k)-water-saving irrigated area (hm 2 ), X 5 (k)-irrigation water consumption (10,000 m 3 ), X 6 (k)-pesticide consumption (kg), X 7 (k)-cultivated area (hm 2 ), X 8 (k)-irrigable area (hm 2 ), X 9 (k)-annual precipitation (mm), X 10 (k)-grain production (t). On the basis of Changwu County Statistical Yearbook for 2000-2008, formula (1) and formula (2), the correlation coefficient between total grain production at each time point and nine impacting factors is calculated; and then the grey correlation degree between the total grain production and nine impacting factors is calculated; see the results in Table 1 . (3), the water demand quota for alfalfa obtained by Huamin Qiu et al. at four experimental spots (Huachi, Xifeng, Tonwei, Dingxi) in Gansu are taken as the reference data [9] , and then modified with temperature and precipitation in Changwu County to calculate the ecological water demand of grassland in Changwu County as 10.31726 million m 3 .
Garden-land Water Demand
According to the data of the land use change survey for Changwu County in 2008, the garden-land covered 8853.933 hm 2 , including 99.50% of orchards; specifically, apples occupied a dominant position in gardening and fruit industries. Therefore, by reference to the previous findings, apple's whole phenological water demand is taken in place of the water demand of all garden-lands in the county in the calculation of the garden and fruit water demand. Through formula (3), the garden-land water demand of Changwu County is calculated to be 42.36607 m 3 .
Industrial and Domestic Water Demand
According to the industrial water consumption quota standard of Shaanxi Province, and the specific situations of Changwu County, the industrial water consumption quota/RMB 10,000 is 12.25m 
Conclusion
In this paper, factors restricting the grain production are analyzed for their rationality in the utilization, and then put into the optimal allocation. In conclusion, (1) The first three factors impacting the total grain production of Changwu County are respectively irrigable area, precipitation and irrigation water amount; (2) Changwu County's water demand (excluding the ecological water demand of grassland) is 164.1963 million m 3 , and its annual utilizable precipitation is 146.2267 million m 3 , so there will be a gap for 17.9696 million m 3 of water resources. In fact, Changwu County's annual water consumption is merely 8.37 million m 3 , with a great difference from its water demand; (3) under the conditions of limited water resources, farmland irrigation water can be optimized to enhance the county's total grain production to 80818.17t, and the optimized production increases by 35255.17 tons from the actual production.
